Paper present a thermal analysis of laser heating and remelting of EN AC-48000 (EN AC-AlSi12CuNiMg) cast alloy used mainly for casting pistons of internal combustion engines. Laser optics were arranged such that the impingement spot size on the material was a circular with beam radius r b changes from 7 to 1500 m. The laser surface remelting was performed under argon flow. The resulting temperature distribution, cooling rate distribution, temperature gradients and the depth of remelting are related to the laser power density and scanning velocity. The formation of microstructure during solidification after laser surface remelting of tested alloy was explained. Laser treatment of alloy tests were perform by changing the three parameters: the power of the laser beam, radius and crystallization rate. The laser surface remelting needs the selection such selection of the parameters, which leads to a significant disintegration of the structure. This method is able to increase surface hardness, for example in layered castings used for pistons in automotive engines.
Introduction
A laser beam can be used in several ways to impart advantageous properties to the surface of aluminum alloys [1, 2] . The laser surface remelting is one of methods where remelting of thin surface layer is applied to improve metallic automotive components: reducing porosity, texturing or smoothing macro roughness, increase of hardness on large area or locally in the region inaccessible for other processing method (e.g. piston ring slots) [3] . The effectiveness of laser surface remelting processing depends on the thermal properties of the material as well as the laser process parameters -laser power density, spot size, and traverse velocity. The optical absorption is also the important parameter determining the energy of a laser beam transferring radiation into workpiece during its laser surface remelting [4] . In a laser surface remelting high solidifications velocities and high temperature gradients are obtained. It is commonly known that the laser surface remelting create a fine, usually a cellular/dendritic structure sometimes with a higher solid solubility of alloying elements [5] .
Scope and purpose of research
The purpose of this paper is to summarize some possible effects of the laser power density and time interactions on the solidification process that in turn has a impact on the resulting microstructure of AlSi12CuNiMg cast alloy after laser remelting.
To obtain the thermal aspects of the solidification process of the tested alloy, the cooling rates, temperature gradient at the solidliquid interface and the solidification rate of the solid/liquid interface in melted zone were calculated from a heat flow model.
Materials and research method
The AlSi12CuNiMg cast alloy (in accordance with norm PN-EN 1706 EN AC-48000) was chosen for the tests. It was casted to sand moulds and casting dies and meant for i.e. castings of pistons of internal combustion engines, blocks, and cylinder bodies of compressors, pumps and brakes. The research material was the actual casting of the piston. In this investigation casted AlSi12CuNiMg alloy was studied. The tested alloy workpiece was 150 mm long, 50 mm wide, and 25 mm thick. The top surface of the workpieces were polished with DP-Spray, P, Struers-1 µm prior to laser surface melting in order to produce an smooth surface with roughness parameter Ra = 0,93 m. The workpieces were mounted on a numerical controlled X-Y table and irradiated by a CW disc laser emitting electromagnetic radiation with the wavelength of 1,03 m. and the Gaussian power densities distribution. Laser optics were arranged such that the impingement spot size on the material was a circular with beam radius r b changes from 7÷1500 m. The laser surface melting was performed under argon flow. The optical absorptions A(=1-R) of the AlSi12CuNiMg alloy workpieces was estimated by reflectance measurements. The total optical reflectance (R) was measured by use of an integrating sphere (ISP-REF, Ocean Optics Inc.) equipped with a spectrophotometer HR4000 CG-UV-NIR [6] .
The effect of power density and time interactions on the surfaces laser melting process of AlSi12CuNiMg alloy, was investigated in the experimental arrangement showed at Figure 1a . The following coordinate system fixed in the material was used: the laser beam was parallel to the "z" axis and the laser beam moves in the "x" direction with the vector of scanning speed v b . The laser beam used was moved with constant relative scanning speed to the surface of investigated alloy. The traces formed on the plates were resulting from laser treatment. The applied laser treatment was characterized by appropriate power densities and time interactions that were determined from the relation:
In the experiments the scanning speed of the beam was changed in the range of (0,5÷1)m·min -1 . The laser power density for the circular laser beam with radius r b that is used in the experiments is calculated from the relation [6] :
where P is the power of the laser beam. In each experiment the power density of the laser beam was changed by adjustment of the power and radius of the laser beam. Selection of the operating parameters: v b ; P; r b is related to expected AlSi12CuNiMg solidification rate after laser remelting as it is presented in the remaining part of this study. The treated surfaces of tested alloy plates were sectioned at 90 o to the direction of the beam travel. Next the standard metallographic preparation was made. Metallographic changes induced by laser treatment were investigated by optical microscope Olympus GX71. Fig. 1b shows the cross sectioned of the AlSi12CuNiMg cast alloy plate after laser melting with the P = 50 W; v b = 1 m·min -1 ; r b = 7 m. The theoretical part of this study is based on well-tested heat flow model proposed by Asby and Esterling [7] . The model is used to analyze how changes in the laser processing parameters l o A; v b and r b can impact the melt depth, and solidification rate during laser surface melting of tested alloy. The model uses a Cartesian coordinate system presented in Figure 1a , the temperature T(z, t) distribution immediately below the centre of the beam (y = 0) is given by [8] :
where:
the zone laser melting b) a)
is the temperature as a function of depth z and time t, K -thermal conductivity, k -thermal diffusivity.
The model assumes that the thermophysical properties are independent of temperature. In this calculations values of thermo physical parameters for the solid alloys were used, averaged over the considered temperature range.
The results of investigations
Chemical composition of AlSi12CuNiMg alloy is presented in Table 1 . The typical quality defects are [9, 10] : o vesicles in rings and on the connection line with the piston, o metallic and non-metallic inclusions by the insert, o no adherence of the "alphin" ring (insert), o improper ring diameter, o cavities porosity on the connection with the piston (Fig. 2) . Microanalysis of the three aforementioned structures shows that the laser treatment causes the primary solid solution (Al) and (Al) -(Si) eutectic to be finer by comparison to the remelted zone of as-cast state. As a result of the rapid solidification of the laser-melted zone, finer grains were formed near the surface (z = 0), and columnar crystals were produced along the heat-flow direction near to the base of the treated material. To correlate the microstructure with the employed laser operating parameters, an attempt has been made to predict the thermal profile and related thermal history (heating/cooling rate, thermal gradient) resulting from the present laser treatment through numerical solution of the heat flow equation (Fig.1) . In this solution the average values of tested cast alloy over the temperature range of thermal conductivity K = 115,7 W·K·m -1 and thermal diffusivity k = 42·10 -6 m 2 s -1 -were used. The value of absorptance A = 0,11 measured for cast alloy surface in room temperature was used. The decrees of radius r b at constant value of P leads to the increase of laser power density l o but small radius in combination with large v b (small time interaction t L give the highest values of cooling rate:
during laser surface melting of AlSi12CuNiMg cast alloy, as it is presented in the Figure 6 . 
Summary
In this study the influence of the following laser parameters: v b ; P and r b used during laser surface remelting process of EN AC-48000 (AlSi12CuNiMg) cast alloy has been investigated. Figure 5 shows that the solidification rate v s at employed laser parameters changes in the range (0,008÷0,6)m·s -1 . The highest value of v s obtained in this study is lower in comparison to Mullins and Sekerka`s theory of stability solidification planar front growth. According to the Mullins and Sekerka`s theory the upper value for AlSi12CuNiMg (EN AC-48000) cast alloy reaches the value of approximately 35 m·s -1 [11] . It can be clearly observed in the microstructures presented in the Figures 1b and 3a , that the resulting laser remelted zone, exhibits very refined microstructure. The refined dendrites grow in correlation to the temperature gradient. The dendrites tend to be perpendicular to the actual position of the solid -liquid interface, leading to specific orientation. At the top part of the remelting zone (Z ≈ 0 m), where v s is the highest, the dendrites gradually lose their secondary branches and become more cellular in their character. Such changes are clearly in accordance with the calculated solidification rate gradient ( Figures 5 and 6 ), since G·v s give rise to a finer structure.
